The oleanolic acid possesses diverse pharmacological properties, it is considered as a good starting material for creating new compounds. The oleanolic acid isolated of Plumeria obtusa leaves was used as raw material to obtained calcium, magnesium, zinc, nickel and copper complexes. The structures of complexes were confirmed by HRMS, 1 H NMR, and 13 C NMR. Five new compounds were synthesized to promote increased biological activity of oleanolic acid and PCR assays for the different type of cancer.
Introduction
Oleanolic acid (OA) is a pentacyclic triterpenoid that occurs naturally in several plants either as a free acid or as an aglycone of saponins [1] . OA is found in high concentrations in the leaves, fruits, and oil of Olea europaea L. [2] [3] . OA can be extracted from apples [4] or plants such as the Plumeria obtuse [5] . OA has been extracted from more than 1620 different plant species and used for food and medicinal purposes [6] . OA has gained significant interest, and several studies have demonstrated the importance of its use in hepatoprotective [7] [8], anti-inflammatory [7] [8] , and anticancer activities [9] . OA is also a phosphorylase inhibitor [10] . In China, OA has been used orally to treat liver disorders [11] , and it is a registered drug used intravenously in the treatment of hepatitis B and liver cancer [12] .
Since OA possesses diverse pharmacological properties, it is considered as a good starting material for creating new compounds [13] . OA comprises three International Journal of Organic Chemistry active points: C3, where hydroxyl is stored; the double bonds present in the ring between the C12 and C13 carbons; and C28, where carboxylic acid is stored ( Figure 1) ; these points enable modifications, which lead to the creation of new chemical compounds [14] [15] .
However, OA has limited bioavailability and does not provide a good plasma half-life because of its low solubility in water [16] [17] . Several studies have demonstrated that the structural alterations in OA can have a significant impact on biological activities [18] . The improvements in biological activities, such anti-inflammatory, antidiabetic, nephropathy, and cytotoxicity, have been achieved by changing some points in the OA structure [19] [20] . Terpenes complexes were very effective in several diseases [21] .
Tabrizi et al. [22] showed that ruthenium (II) p-cymene complexes of naphthoquinone derivatives worked powerfully to combat melanomas in humans. Ghosh et al. [23] demonstrated the antioxidant activity of the quercetin-magnesium complex, and similar benefits were recorded for the complexation of copper with quercetin. The use of the bactericidal properties of calcium and copper complexes against Gram-positive bacteria has also been demonstrated [24] .
Taking into consideration the aforementioned and potential medical uses of OA and its derivatives, five new compounds were synthesized using the OA.
Experimental

General Procedures and Equipment
The 1 H and 13 C experiments were performed on a Bruker 600-MHz NMR spectrometer equipped with an AVANCE III console, and a DCH cryogenically 
Isolation of Oleanolic Acid
The leaves of Plumeria alba were collected and dried in a greenhouse, after drying were submitted to extraction with ethanol in the ratio 6:1 solvent for the sample. After 7 days, the material was filtered, and the solvent was removed using reduced pressure. The sample was subjected to the silica gel 60 (0.063 -0.2 mm/70 -230 mesh ASTM) filter column [25] [26] (Macherey-Nagel, Germany) and fractionated with one liter of each of the following eluents: hexane, dichloromethane, ethyl acetate, methanol, and water. The solutions obtained were concentrated and analyzed by CCD. The pre-selected extracts were subjected to classical silica gel chromatography and Sephadex® LH-20 for the isolation and purification of compounds.
Melting Temperature
The melting temperatures were determined on MQAPF 320 equipment from Microquímica Equipamentos Ltda.
Complex Reaction
A round bottom flask (500 mL) was charged with 1 equivalent of metal sulfate to 2 equivalent of OA and 300 mL methanol. The resulting reaction mixture was vigorously stirred at 57˚C for 6 hours. The solution was cooled to room temperature, and the methanol was removed using reduced pressure to obtain the compounds (Figure 1 ) [27] . The material was measured and calculated the yield the reaction.
RNA Extraction and qPCR
Total RNA was isolated from H4IIE cells or from tissue from rats maintained with liquid nitrogen, using the TRIzol reagent (Life Technologies). The total RNA was isolated from cells using TRIzol reagent (Life Technologies). RNA was quantified using Synergy H1/Take 3 plate setup (BioTek). The cDNAs were synthesized using 2 µg of RNA for each sample using high-capacity cDNA Reverse Transcription kit (Life Technologies) on an ABI GeneAMP 9700 (Life Technologies).
The resulting cDNA was amplified in duplicate by real-time quantitative PCR (qPCR) using SYBR green PCR Master Mix (Life Technologies). To avoid interference due to genomic DNA contamination, only intron-overlapping primers International Journal of Organic Chemistry were selected using the Primer Express version 2.0 software (Applied Biosystems, Foster City, CA) as follows: β-actin (housekeeping gene), forward primer:
5'-GGG AAA TCG TGC GTG ACA TT-3', reverse primer: 5'-GCG GCA GTG GCC ATC TC-3'; G6Pase, forward primer: 5'-TGT TCC TCT TAA TCC TGC CCA-3', reverse primer: 5'-CCA ACC TGC ACA AGT TCC CTT-3'. qPCR amplifications were performed on an ABI 7500 Fast real-time PCR (Life Technologies) using 1 cycle at 50˚C for 2 min and 1 cycle of 95˚C for 10 min, followed by 40 cycles of 15 s at 95˚C and 1 min at 60˚C. The dissociation curve was completed with 1 cycle of 1 min at 95˚C, 30 s at 55˚C, and 30 s at 95˚C. mRNA expression was analyzed using the ΔΔCT method, and normalized concerning the expression of the β-actin using ABI 7500 Fast System SDS Software v1.3.0 (Life Technologies). Amplification of specific transcripts was further confirmed by obtaining melting curve profiles. All results were expressed as fold change from the induced Dex-cAMP controls. For the assays, samples at the concentration of 5.0 mg/100 μl were used with 5.0 μl of the cDNA.
Results and Discussion
After the use of three chromatographic columns with different mobile phases and monitoring the separation with thin layer chromatography and with the developers phosphomolybdic acid and vanillin, the oleanolic acid compound was obtained, where it was confirmed according to the The results in Table 1 show that C28 for the compounds with Ca, Mg, Cu, Zn, and Ni has a different displacement value compared to that obtained with OA.
Considering C28 as one of the possible reaction points [14] [15] , and the data obtained by the IR technique which show the absence of the band for carboxylic acid bound to C28, it is clear that the reaction is formed together with a carboxylic acid group. It is still possible to discern a small variation in the displacement of the C12 and C13 carbons and those carrying the double bond. This suggests that electron displacement is promoted by the withdrawal effect exerted by both metals when they are bound to the hydroxyl oxygen of the carboxylic acid group.
The structures of the synthesized compounds are also supported by the following data. bond of the carboxylic acid in the region between 955 -875 cm −1 [29] . However, these bands are present in the IR spectrum of OA and reinforce the formation of the complex; therefore, five new complexes with OA are created.
As shown (Figure 3 ) it is possible to identify the formation of the complexes with the metal and OA, the bond between the metal and the oxygen atom promotes a displacement of electrons, in this way the NMR values (Table 1) The fold change values show the activity of the compounds isolated in trials where three different genes were used ( Table 2 ). The compound synthesized Figure 2 . The infrared spectrum of oleanolic acid. from oleanolic acid and calcium showed little efficiency in the control of these genes, presenting lower values when compared to pure oleanolic acid, that is, there was a decrease in the biological activity of the synthesized compound. Different results were obtained for the compound formed from oleanolic acid and magnesium; the values were higher than the result of the pure oleanolic acid and the compound formed with calcium. Greater success was achieved with the G6P gene reaching a fold change value close to 9.0, for the PEPCK gene, there is also a significant value. Not being so effective for the FAS gene [30] [31].
Conclusion
Five novel compounds were synthesized using OA as starting material, the novel and inedited structures were confirmed by NMR, IR and LC-MS experiments. The NMR, IR, and LC-MS data support the literature data for the passive points of reactions in the OA molecule. Among the five new compounds synthesized, the complex formed with magnesium, showed better results for the tests performed. 
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